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(54) Angle detecting apparatus and projector equipped therewith automatically correcting the 
Keystone distortion 



(57) In an angle detecting apparatus and projector 
using range finders, range finding calculations are per- 
formed in plural directions using line type passive range 
finders as a range finding portion. Thus, if one range 
finding result is an abnormal value, the effects are re- 
duced. The structure is miniaturized. 

[Means for Resolution] 

A control circuit 5 calculates four horizontal relative 
inclination angles between a screen 1 and a projector 2 
based on results of range finding calculations of a line 



type passive range finder 3 doing range finding in five 
directions, finds their average value, calculates four ver- 
tical relative inclination angles between the screen 1 and 
the projector 2 based on the results of range finding of 
a line type passive range finder 4 doing range finding in 
five directions, and finds their average value. A display 
driving portion 7 adjusts a projection optical system 8 
including a condensing lens based on the horizontal and 
vertical inclination angles calculated by the control cir- 
cuit 5 and on the distance between range finding calcu- 
lational regions, thus correcting keystone distortion in 
the projected image. 
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Description 

[Detailed Description of the Invention] 

[Technical Field to which the Invention Belongs] 

[0001] The present invention relates to an angle de- 
tecting apparatus utilizing a range finder or finders and 
a projector fitted with them. 

[Prior Art] 

[0002] In the past, where a projector such as a liquid 
crystal projector is used, there is the problem that a dis- 
tortion known as a keystone distortion is produced in the 
projected image due to the positional relation between 
the projector and the screen. Generally, two methods of 
optical correction are used as techniques for correcting 
the keystone distortion. One method is an electrical cor- 
rective method consisting of creating an image having 
a keystone distortion inverse to the projected image by 
a video circuit within a projector and projecting the 
former image. The other method is an optical corrective 
method consisting of adjusting the tilt of a condensing 
lens contained within the projection optical system in the 
projector without correcting the image created by the 
video circuit. 

[0003] Aprior technique that uses a range finder to au- 
tomatically correct such a keystone distortion is de- 
scribed in JP-A-2000-122617. The prior technique de- 
scribed in JP-A-2000-122617 consists of detecting the 
distance to the screen by two active range finding sen- 
sors mounted at different locations in front of a liquid 
crystal projector, calculates one inclination angle of the 
liquid crystal projector with respect to the screen based 
on the two detected distances and on the distance be- 
tween the two range finding sensors, and corrects the 
keystone distortion based on the calculated inclination 
angle by the aforementioned method. 

[Problems that the Invention is to Solve] 

[0004] In the prior technique described in JP-A- 
2000-122617, only one inclination angle of the liquid 
crystal projector with respect to the screen is detected 
from only two range finding results. Therefore, there is 
the problem that if one or both of these two range finding 
results are not reliable due to noise or the like during 
range finding calculation, then the accuracy at which the 
inclination angle is detected deteriorates. That is, there 
is the problem that the inclination angle cannot be de- 
tected precisely unless all range finding operations are 
performed normally. 

[0005] It is an object of the present invention to pro- 
vide an angle detecting apparatus using a range finder 
or finders and a projector equipped therewith, wherein 
if one range finding operation is not performed normally, 
the effects can be reduced. 



[Means for Solving the Problem] 

[0006] A first invention is an angle detecting appara- 
tus comprising: a range finding portion for finding the 
5 distance to a target or object to be measured in each of 
three or more mutually different plural range finding di- 
rections; and an inclination angle calculating portion for 
calculating two or more inclination angles of the target 
to be measured with respect to a reference line based 
on three or more range finding results of the range find- 
ing portion and finding one inclination angle based on 
the two or more calculated inclination angles. According 
to this configuration, if range finding operation is not per- 
formed normally in at least one direction, the effects can 
be reduced. 

[0007] A second invention is an angle detecting ap- 
paratus in which the above-described inclination angle 
calculating portion finds the average value of the two or 
more inclination angles as the one inclination angle. Ac- 
cording to this configuration, if range finding operation 
is not performed normally in at least one direction, the 
effects can be reduced. 

[0008] A third invention is an angle detecting appara- 
tus wherein the plural directions are four or more mutu- 
ally different directions, and that the inclination angle 
calculating portion finds three or more inclination angles 
of said target to be measured with respect to said refer- 
ence line based on four or more range finding results of 
said range finding portion and finds one inclination angle 
based on inclination angles left after removing maxi- 
mum and minimum angles from the three or more cal- 
culated inclination angles. According to this configura- 
tion, one inclination angle is found based on the inclina- 
tion angles left after removing the maximum and mini- 
mum angles which are likely to be calculated based on 
erroneous range finding. Consequently, deterioration of 
the accuracy at which the angle is detected can be pre- 
vented. 

[0009] A fourth invention is an angle detecting appa- 
ratus according to the third invention wherein the incli- 
nation angle calculating portion finds the average value 
of the inclination angles left after removing the maximum 
and minimum angles of the three or more calculated in- 
clination angles as the one inclination angle. According 
to this configuration, the same advantages can be had 
as the foregoing . In addition, deterioration of the accu- 
racy at which the angle is detected can be prevented. 
[0010] A fifth invention is an angle detecting appara- 
tus in which the inclination angle calculating portion cal- 
culates the inclination angle of the target to be measured 
with respect to the reference line based on range finding 
results of the range finding portion for those of the plural 
directions that are on one side of a front direction, cal- 
culates the inclination angle of the target to be measured 
with respect to said reference line based on range find- 
ing results of the range finding portion about the other 
directions, and finds one inclination angle based on the 
two calculated inclination angles. According to this con- 



75 



20 



25 



30 



35 



40 



45 



50 



2 



3 



EP 1 395 050 A1 



4 



figuration, for each of two separate regions on the op- 
posite sides of the front direction, the inclination angle 
of the target to be measured is calculated, and one in- 
clination is found based on the two calculated inclination 
angles. Therefore, the overall inclination angle of the tar- 
get to be measured can be found. 
[001 1] A sixth invention is according to any one of the 
first through fifth inventions wherein the range finding 
portion consists of a line type passive range finder hav- 
ing a pair of lenses spaced from each other by a baseline 
length, line sensors on which a pair of images of the tar- 
get to be measured are focused by the pair of lenses, 
and a calculating portion for calculating the distance 
based on outputs from the line sensors in each of plural 
mutually different directions, and that the reference line 
is in the direction of said baseline length. According to 
this configuration, the above-described advantages can 
be had. In addition, the distance to the target to be meas- 
ured can be found in each of three or more mutually dif- 
ferent plural range finding directions, using one line type 
passive range finder. It is unlikely that the number of 
range finders is increased according to an increase in 
the range finding directions, for example, as in the prior 
art. The angle detecting apparatus can be simplified in 
structure. 

[0012] A seventh invention is an angle detecting ap- 
paratus comprising: a line type passive range finder 
having a pair of lenses spaced from each other by a 
baseline length, line sensors on which a pair of images 
of a target to be measured are focused by the pair of 
lenses, and a calculating portion for performing calcula- 
tions for range finding based on outputs from the line 
sensors in each of three or more mutually different plural 
directions; andaninclinationangle calculating portion for 
calculating two or more inclination angles of the target 
to be measured based on three or more plural range 
finding results of the line type passive range finder with 
respect to the baseline direction. According to this con- 
figuration, the distance to the target to be measured can 
be found in eachof three ormoremutuallydifferent range 
findingdirections, using the single line type passive 
range finder. Hence, the angle detecting apparatus can 
be simplified in structure. In complementing this point, 
the prior art structure as described in the above-cited 
J P-A-2001 -339671, for example, has the problem that 
the number of range finders is increased with increasing 
the range finding directions, thus increasing the size of 
the structure. This problem can be solved according to 
the seventh invention. 

[001 3] An eighth invention is configured such that the 
above-described target to be measured is a screen on 
which an image or images are projected. According to 
this structure, the inclination angle of the screen can be 
detected. 

[0014] A ninth invention is a projector for projecting 
an image created based on an input image signal onto 
a screen, the projector comprising: the inclination angle 
detecting apparatus described above; and an image dis- 



tortion correcting portion for correcting distortion in the 
image on the screen based on an inclination angle cal- 
culated by said inclination angle detecting apparatus. 
According to this structure, distortion in the image cor- 
5 responding to the relative inclination angle between the 
projector and screen can be realized with a simple struc- 
ture. 

[Brief Description of the Drawings] 

10 

[Fig. 1] 

[0015] A block diagram showing one embodiment of 
the present invention. 

15 

[Fig. 2] 

[0016] A front elevation of Fig. 1 . 



[001 7] A diagram illustrating the range finding princi- 
ple of the line type passive range finder of Fig. 1 . 



[0018] A diagram illustrating the range finding princi- 
ple of the line type passive range finder of Fig. 1. 



[0019] A diagram showing plural range finding calcu- 
lating regions of a pair of line sensors 31c and 31 d of 
the present embodiment. 

35 

[Fig. 6] 

[0020] A diagram showing an inclination angle detec- 
tion system of Fig. 1 . 

40 

[Fig. 7] 

[0021] A diagram showing an inclination angle detec- 
tion system of Fig. 1 . 

45 

[Fig. 8] 

[0022] A diagram showing an inclination angle detec- 
tion system of Fig. 1 . 

50 

[Fig. 9] 

[0023] A diagram showing an inclination angle detec- 
tion system of Fig. 1 . 

55 

[Fig. 10] 

[0024] A diagram showing an inclination angle detec- 



20 [Fig. 3] 



25 [Fig. 4] 



30 [Fig. 5] 
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tion system of Fig. 1 . 
[Fig. 11] 

[0025] A diagram showing an inclination angle detec- 
tion system of Fig. 1 . 

[Fig. 12] 

[0026] A diagram showing another inclination angle 
detection system of Fig. 1 . 

[Fig. 13] 

[0027] A diagram illustrating an operation for finding 
one inclination angle from a plurality of inclination an- 
gles. 

[Modes for Carrying Out the Invention] 

[0028] Amode of practice of the present invention is 
hereinafter described based on an embodiment shown 
in the drawings. Fig. 1 is a diagram showing an example 
of a projector for detecting the inclination angle between 
a screen 1 and a projector 2 and correcting keystone 
distortion in the image projected onto the screen 1 
based on the detected inclination angles. Fig. 2 is a front 
elevation of the projector 2. Note that the inclination an- 
gle detecting apparatus is not limited to a projector. Fur- 
thermore, the apparatus is not restricted to one that de- 
tects the inclination angle with respect to the screen. 
[0029] In Fig. 1 , a first line type passive range finder 
3 has an image pickup portion 31 and a calculating por- 
tion 32. The image pickup portion 31 is fitted with a pair 
of lenses 31a and 31 b shown in Fig. 2 and a pair of line 
sensors 31 c and 31 d (described later) acting as first line 
sensors. A pair of images of the screen 1 as the target 
to be measured are focused onto the line sensors 31c 
and 31 d. The calculating portion 32 performs calcula- 
tions for range finding in each of mutually different plural 
directions based on the outputs from the pair of line sen- 
sors 31 c and 31 d. The finder detects the distance to the 
screen 1 with plural points in the horizontal (right and 
left) direction. The pair of lenses 31a and 31b are 
spaced from each other horizontally by a first baseline 
length b. In the present embodiment, the mutually dif- 
ferent plural directions are five directions. The directions 
are not limited to five. They may be three or more direc- 
tions. 

[0030] A second line type passive range finder 4 has 
an image pickup portion 41 and a calculating portion 42. 
The image pickup portion 41 is fitted with a pair of lenses 
41 a and 41 b shown in Fig. 2 and with a pair of line sen- 
sors 41c and 41 d (described later) acting as second line 
sensors. A pair of images of the screen 1 are focused 
onto the line sensors 41c and 41 d by the lenses 41 a and 
41 b. The calculating portion 42 performs calculations for 
range finding in each of mutually different plural direc- 



tions based on the outputs from the pair of line sensors 
41c and 41 d. The finder detects the distance to the 
screen 1 with plural points in the vertical (up and down) 
direction. The pair of lenses 41a and 41b are arranged 

s at a distance of a second baseline length b' in the vertical 
direction. In the present embodiment, the mutually dif- 
ferent plural directions are five directions. The directions 
are not limited to five. They may also be three or more. 
[0031] Acontrol circuit 5 acting as first and second in- 

10 clination angle calculating portions provides various 
controls and performs various calculations. The control 
circuit calculates plural relative inclination angles be- 
tween the screen 1 and the projector 2 (in the direction 
of the first baseline length) in the horizontal direction, 

is based on the results of the range finding calculations of 
the line type passive range finder 3. The control circuit 
also calculates apluralityof inclination angles between 
the screen 1 and the projector 2 (in the direction of the 
second baseline length) in the vertical direction, based 

20 on the results of the range finding calculations of the line 
type passive range finder 4. Furthermore, the control cir- 
cuit 5 finds one inclination angle in the horizontal direc- 
tion based on plural calculated horizontal inclination an- 
gles or one inclination angle in the vertical direction 

25 based on plural calculated inclination angles in the ver- 
tical direction. 

[0032] A projected image creating portion 6 enters im- 
age data delivered from an image data output portion of 
an external personal computer or the like, converts the 

30 input image data into data for display, and delivers the 
data to a display driving portion 7. 
[0033] The display driving portion 7 acting as an im- 
age distortion correcting portion adjusts a projection op- 
tical system 8 including a condensing lens based on hor- 

35 izontal and vertical inclination angles calculated by the 
control circuit 5 to thereby correct keystone distortion in 
the projected image. 

[0034] The principle of operation of the line type pas- 
sive range finders (external light triangulation range 

40 finding system) 3 and 4 is next described by referring to 
Fig. 3. The line type passive range finder 3 and the line 
type passive range finder 4 are installed at different an- 
gles but identical in structure. To simplify the description, 
only the line type passive range finder 3 is described. 

45 The correspondences and relations between the struc- 
tures are described. The pair of lenses 41a and 41b of 
the line type passive range finder 4 correspond to the 
pair of lenses 31 a and 31 b of the line type passive range 
finder 3. The pair of line sensors 41 c and 41 d of the line 

so type passive range finder 4 correspond to the pair of line 
sensors 31 c and 31 d of the line type passive range find- 
er 3. The image pickup portion 41 of the line type passive 
range finder 4 corresponds to the image pickup portion 
31 of the line type passive range finder 3. The calculat- 

55 ing portion 42 of the line type passive range finder 4 cor- 
responds to the calculating portion 32 of the line type 
passive range finder 3. 

[0035] In this figure, the pair of lenses 31a and 31b 
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are disposed at a distance of a given baseline length b 
and act to focus images of the target (screen) 1 to be 
measured onto the pair of optical sensor arrays 31c and 
31 d, respectively, via mutually different optical paths 1A 
and 1 B. The sensor arrays 31 c and 31d are spaced from 
the lenses 31a and 31b, respectively, by focal distance 
f. It is assumed that the target 1 to be measured is 
present at a distance of LC from the pair of lenses 31a 
and 31b in the front direction. 

[0036] When the target 1 to be measured exists at an 
infinity position, the centers of the images focused onto 
the pair of optical sensor arrays 31c and 31d are at ref- 
erence positions 31 d and 31 d1 on the optical sensor 
arrays 31c and 31 d which correspond to the optical axes 
of the lenses 31a and 31b. When the measured target 
1 approaches from the infinity position, the images are 
focused at positions shifted by a from the reference po- 
sitions 31 d and 31 d1. From the principle of triangula- 
tion, the distance LC to the measured target 1 is LC = b 
f/ot. Here, the baseline length b and focal distance f are 
constants. Therefore, the distance LC can be measured 
if the amount of deviation a is detected. This is the prin- 
ciple of operation of the passive range finder of external 
light triangulation. The calculation is performed by the 
calculating portion 32. 

[0037] The amounts of deviation a from the reference 
positions are detected by correlation computations per- 
formed by the calculating portion 32 shown in Fig. 1 for 
partial video data sets iL and iR extracted from a pair of 
video signals (video data rows) IL and IR, respectively, 
delivered from the pair of line sensors 31c and 31d. 
Since the correlation computations are well known, their 
detail description is omitted. Briefly speaking, in such a 
computation, the region that shows the highest degree 
of coincidence when the partial video data sets iL and 
iR are superimposed as shown in Fig. 3 is detected 
when the superimposed partial video data sets iL and 
iR are shifted in steps in the direction of array of the light 
sensors. 

[0038] When the correlation computation is per- 
formed, the direction of the optical axis of the lens 31a 
can be taken as the range finding direction by fixing one 
partial video data set iL as a standard portion according 
to the reference position as shown in Fig. 3 and shifting 
the other partial video data set iR in steps as a reference 
portion. However, where the range finding direction is 
taken as a direction directed from the center positions 
of both lenses, one partial video data set iL and the other 
partial video data set iR may be shifted with respect to 
each other. 

[0039] The principle of range finding of the line type 
passive range finder is next described by referring to 
Fig. 4 where a direction different from the front is taken 
as the range finding direction. 
[0040] In this figure, when the measured target 1 ex- 
ists at an infinity position in the direction C along which 
one wants to measure, it is assumed that the centers of 
images focused onto the pair of optical sensor arrays 



31c and 31 d are reference positions 31 c2 and 31 d2. If 
the measured target 1 approaches from the infinity po- 
sition in the range finding direction C, the images of the 
measured target 1 are focused at positions shifted from 

5 the reference positions 31 c2 and 31 d2 by a. From the 
principle of triangulation, the distance LR to the meas- 
ured target 1 is given by LR = b f/(cc cos |3). The angle 
(3 is the inclination angle of the range finding direction 
with respect to thenormalAto thebaseline. This is an an- 

10 g|e set by determining the range finding direction C. 
Here, the baseline length b, focal distance f, and cos p - 
are constants. Therefore, thedistance LR can be meas- 
ured by detecting the amount of deviation a. This is the 
principle of range finding where a direction different from 

'5 the front is taken as the range finding direction. 

[0041] Furthermore, the distance LR' from a straight 
line that is an extension of the baseline length to the 
measured target 1 is given by LR' = LR cos p = b f/a. In 
the same way as the foregoing, the distance. LR' can 

20 be measured by detecting the amount of deviation a. 
When the LR 1 is found, the angle (5 is made unnecessary. 
[0042] Also in this case, when a correlation computa- 
tion is performed, a direction C shifted by angle p with 
respect to the optical axis of the lens 31a can be taken 

25 as the range finding direction by fixing one partial video 
data set iL as a standard portion and shifting the other 
partial video data set iR as a reference portion as shown 
in Fig. 4. Consequently, distances in plural directions 
can be detected by a single line type passive range find- 

30 er by setting plural standard positions according to the 
range finding directions. 

[0043] In the present embodiment, the relative incli- 
nation angle between the screen 1 and the projector 2 
is detected by utilizing such line type passive range find- 

35 ers 3 and 4. 

[0044] Where range finding is done in plural directions 
with one line type passive range finder, the amount of 
deviation is found by setting a plurality of range finding 
calculational regions 31cRa, 31cRb, 31 cC, 31cLb, and 

io 31cLa in the line sensor 31c as shown in Fig. 5 accord- 
ing to a plurality of standard positions based on the 
range finding directions (in the present embodiment, Ra 
(right), Rb (right to the center), C (center), Lb (left to the 
center), and La (left)), setting a plurality of range finding 

45 calculational regions 31dRa, 31dRb, 31dC, 31dLb, and 
31dLa in the line sensor 31 d according to a plurality of 
standard positions based on the plural range finding di- 
rections Ra, Rb, C, Lb, and La, and using the partial vid- 
eo data in the pair of range finding calculational regions 

so 31cRaand 31dRa, 31cRb and 31dRb, 31cC and 31dC, 
31cLb and 31dLb, and 31cLa and 31dLa which corre- 
spond to each other in the range finding directions. In 
the present embodiment, the range finding directions 
are five, i.e., Ra (right), Rb (right to the center), C (cent- 

55 er), Lb (left to the center), and La (left). The range finding 
directions are not limited to them but rather can be mod- 
ified appropriately. Also, the range finding directions are 
not limited to five. They may be three or more directions. 
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[0045] The operation is next described. 
[0046] When the power supply is turned on, the con- 
trol circuit 5 makes a decision as to whether image data 
has been entered. If image data has been entered, the 
control circuit causes the projected data creating portion 
6 to deliver display data corresponding to the image da- 
ta. Image is projected onto the screen 1 via the display 
driving portion 7 and projection optical system 8. If im- 
age data has not been entered, contrast image data 
which is used for adjustment and has been previously 
stored in the control circuit 5 is output to the projected 
data creating portion 6. Image corresponding to the data 
is projected onto the screen 1 . This operation is intended 
to display an image with contrast on the screen 1 to pre- 
vent the range finding accuracy of the line type passive 
range finders 3 and 4 fromdeteriorating. In this way, light 
proj ection to prevent the accuracy at which the line type 
passive range finders 3 and 4 do range finding (detec- 
tion of the inclination angle) from deteriorating is carried 
out by making use of image projection function intrinsi- 
cally possessed by the projector. Consequently, a ded- 
icated light projector portion is dispensedwith. The 
structure canbe simplified. Furthermore, the distance 
capable of being measured by range finding corre- 
sponds to the distance over which projection can be per- 
formedbecause range finding is done based on image 
projection. Accordingly, it is not necessary to match the 
range finding limit distance and projection limit distance 
to each other. 

[0047] Subsequently, the control circuit 5 operates the 
line type passive range finders 3 and 4 to cause them 
to detect the distance to the screen 1 in plural directions. 
[0048] The control circuit 5 calculates a plurality of rel- 
ative inclination angles between the screen 1 and the 
projector 2 in the horizontal direction (in the direction of 
the first baseline) based on the results of range finding 
calculations of the line type passive range finder 3. Also, 
the control circuit calculates a plurality of relative incli- 
nation angles between the screen 1 and the proj ector 
2 in the vertical direction (in the direction of the second 
baseline) based on the results of range finding calcula- 
tions of the line type passive range finder 4. 
[0049] Figs. 6-1 0 are diagrams for illustrating one ex- 
ample of calculation of the aforementioned inclination 
angles. This example includes detection of the inclina- 
tion angle in the horizontal (left and right) direction, de- 
tection of the inclination angle in the vertical (up and 
down) direction, or detection of the inclination angle in 
a composite horizontal/vertical direction. Since an un- 
derstanding can be made with a similar system, detec- 
tion of the inclination angle in the horizontal direction 
using the line type passive range finder 3 is hereinafter 
described. 

[0050] Fig. 6 is a diagram for illustrating preadjust- 
ment processing of the line type passive range finder 3 
in the projector. Where a direction different from the front 
is taken as a range finding direction, the line type pas- 
sive range finder 3 used in this embodiment delivers the 



distance (in the example of Fig. 4, LR' rather than LR) 
from a straight line that is an extension of the baseline 
length to the measured target 1 rather than the intrinsic 
distance as its result of range finding calculation. There- 

s fore, wheremeasuredtargets 1 D, 1 E, and 1 F on a chart 
1 parallel to the direction of the baseline length b as 
shown in Fig. 6 are measured by range finding, the re- 
sults of the calculated distances (phase differences) to 
the measured targets 1 D, 1 E, and 1 F should be ideally 

10 identical. In practice, the same results are unlikely to be 
obtained by the effects of aberration in each range find- 
ing calculational region. Therefore, in the present em- 
bodiment, to bring these calculational results into agree- 
ment with each other, a corrective coefficient is previ- 

15 ously calculated for each range finding calculational re- 
gion. The corrective coefficient is stored in an EEPROM 
within the calculating portion. When a calculation is per- 
formed for range finding, the variations in the results of 
calculations of distances by range finding are corrected 

20 by making use of the corrective coefficient. Accordingly, 
where the target 1 on a straight line parallel to the direc- 
tion of baseline b is measured by range finding, the 
same calculational results (i.e., the distance from a 
straight line that is an extension of the baseline length 

25 to the measured target 1 ) are obtained regardless of the 
range finding direction (range finding calculational re- 
gion). 

[0051] Fig. 7 shows an example of a case in which the 
distance to the screen 1 is measured using the line type 

30 passive range finder 3 that has been adjusted as men- 
tioned previously. The screen 1 is tilted at angle (incli- 
nation angle) 91 with respect to the direction of the base- 
line length b (horizontal direction of the projector 2). For 
easier description, an example is given in Fig. 7 in which 

35 range finding is done in two range finding directions, us- 
ing range finding calculational regions 31cRb and 
31cLb, and the inclination angle is found based on the 
results of the range finding. In this figure, the result of 
range finding calculation using the range finding calcu- 

40 lational region 31cRb is LR'. The result of range finding 
calculation using the range finding calculational region 
31cLb is LL'. Let b1 be a straight line which passes 
through the range finding point 1 D on the screen 1 and 
is parallel to the baseline length b. Let b2 be a straight 

45 line that passes through the range finding point 1F on 
the screen 1 and is parallel to the baseline length b. Let 
G be the intersection of a normal to the straight line b1 
passing through the range finding point 1F and the 
straight line b1. Let H be the intersection of the range 

so finding direction Rb and the straight line b1. Let 11 be 
the intersection of a normal to the straight line b1 pass- 
ing through the point H and the screen 1. Let D be the 
distance between the range finding calculational re- 
gions 31 cRb and 31 cLb. In the present embodiment, let 

55 31cRb1 be the intersection of the range finding direction 
Rb and the range finding calculational region 31 cRb. Let 
31cLb1 be the intersection of the range finding direction 
Lb and the range finding calculational region 31 cLb. Let 



6 



11 



EP 1 395 050 A1 



12 



D be the distance between the point 31cRb1 and the 
point 31cLb1. 

[0052] Under this circumstance, the distance be- 
tween the range finding point 1 F and the point G is LFT 

- LL'. That is, this is the difference between the distance 
LR' and the distance LL'. 

[0053] Where the angle 61 is small as shown in Fig. 
8, the distance between the range finding point 1 F and 
the point G is substantially equal to the distance be- 
tween the point H and the point 11. Noting this shows 
that the distance between the point H and the point 1 1 
is almost equal to LR' - LL 1 . In the present example, the 
angle 91 is the inclination angle between the projector 
2 and the screen 1 . Since a projected image of the pro- 
jector 2 is projected on the screen 1 , it is not considered 
that the angle 91 increases greatly. If the distance be- 
tween the point H and the point 1 1 is regarded to be LR' 

- LL' , no great problems will be produced in practical 
applications. For instance, where the portable projector 
2 is projected onto the screen 1, the user installs the 
projector and so it seems that the angle between both 
is usually adjusted roughly by the user's installation. 
[0054] Furthermore, as shown in Fig. 9, a triangle 
formed by the range finding point 1D, the point H, and 
the center of the lens 31a is analogous to a triangle 
formed by the point 31 cRbl , the point 31 cLbl , and the 
center of the lens 31 a. Therefore, the distance between 
the range finding point 1D and the point H is LL'D/f. 
[0055] Consequently, as shown in Fig. 10, from a right 
triangle formed by the range finding point 1 D, the point 
H, and the point 1 1, the inclination angle 91 can be found 
from 

91 = arctan ((LR' - LL')/(LL'D /f)) 

[0056] In the above description, the distance between 
the point 31cRb1 and the point 31cLb1 is used as the 
distance D between the range finding calculational re- 
gions 31 cRb and 31 cLb. For example, it may be the dis- 
tance between the center position of the range finding 
calculational region 31cRb in the direction of the base- 
line and the center position of the range finding calcula- 
tional region 31cLb in the direction of the baseline. In 
this case, it is not necessary to detect the intersection 
with the range finding direction on the range finding cal- 
culational regions. A value corresponding to the dis- 
tance between two range finding calculational regions 
used for angle detection can be detected easily. Thus, 
the angle detection can be simplified. 
[0057] Where high accuracy is required for the angle 
detection, the distance between the contrast center of 
gravity positions in the two range finding calculational 
regions used for the angle detection may be used as a 
value corresponding to the distance between the two 
range finding calculational regions. An example of this 
case is described below by referring to Fig. 11. 
[0058] As is well known, passive range finding in- 



cludes an operation for detecting the state in which the 
degree of coincidence becomes highest when a pair of 
images are superimposed. This degree of coincidence 
is used to detect whether the contrast states of the pair 
s of images are coincident. 

[0059] Accordingly, in the case of passive range find- 
ing, even where a designed range finding direction in 
one range finding calculational region 31 cn is in the di- 
rection of arrow J as shown in Fig. 11 , if an image of the 
10 measured target 1 focused on the range finding calcu- 
lational region 31cn has a contrast position 1K only in 
the direction of arrow K, the actual range finding direc- 
tion deviates from the direction of the arrow J toward the 
direction of the arrow K. Where an image of the target 
1 undergoing a range finding measurement is focused 
onto the range finding calculational region 31 cn, if the 
contrast position 1 M of this image is present only in the 
direction of arrow M, the actual range finding direction 
deviates from the direction of arrow J toward the direc- 
tion of arrow M. Where an image of the target 1 under- 
going a range finding measurement is focused onto the 
range finding calculational region 31 cn, if this image has 
contrast positions 1 K and 1 M in the directions of the ar- 
rows K and M, the actual range finding direction deviates 
from the direction of the arrow J to the contrast center 
of gravity position of the image focused onto the range 
finding calculational region 31 cn. 
[0060] Therefore, if the distance between the contrast 
center of gravity positions in the range finding calcula- 
tional regions is used as a value corresponding to the 
distance between the two range finding calculational re- 
gions used for angle detection, accurate distance D can 
be used. The accuracy at which the angle is detected is 
improved. A method of finding a contrast center of grav- 
ity is well known by JP-A-8-75985. For reference, this is 
found from the following Mathematical Formula 1 in the 
present embodiment. 



[Mathematical Formula 1] 
£(|LO-/)-L(0|xO 

j _ i=Sa 

Y^{i-t)-L(i)\ 

t~Sa 

where L ( ) is sensor data on the side of the standard 
portion 31c, Sa is minimum No. of the light-receiving el- 
ements on the side of the standard portion 31c, Wn is 
the number of light-receiving elements of a partial set, 
and t is an integer (generally 1 to 4). 

In order to cancel the effects of noise, where the 
absolute value of the difference is less than a given val- 
ue (noise cancel level), it is not added to the total sum. 

In the present example, serial numbers are as- 
signed to light-receiving elements arranged in a row, the 
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elements being possessed by the line sensor 31c. 
[0061] In this way, a simple inclination angle detecting 
apparatus utilizing line type passive range finders used 
in cameras and so on can be accomplished. 
[0062] Fig. 12 is a diagram for illustrating another ex- 
ample of the aforementioned calculation of the inclina- 
tion angle. This example includes detection of the incli- 
nation angle in the horizontal (left and right) direction, 
detection of the inclination angle in the vertical (up and 
down) direction, or detection of the inclination angle in 
a composite horizontal/vertical direction. Since an un- 
derstanding can be made with a similar system, detec- 
tion of the inclination angle in the horizontal direction 
using the line type passive range finder 3 is hereinafter 
described. 

[0063] As shown in Fig. 12, let 61 be the inclination 
angle of the screen 1 with respect to the baseline direc- 
tion (horizontal direction of the projector 2) of the line 
type passive range finder 3. Let L1 be the result of range 
finding calculation using the rangefinding calculational 
region 31cLb. Let L2 be the result of range finding cal- 
culation using the range finding calculational region 
31cRb. Let p be the angle between the range finding 
direction corresponding to the range finding calculation- 
al region 31cRb and a normal to the baseline length. Let 
y be the angle between the range finding direction cor- 
responding to the range finding calculational region 
31cLb and a normal to the baseline length. The inclina- 
tion angle 91 can be found from 

tan 61 = (L2 cos p - L1 cos y) I (L1 sin y + L2 sin 
P) Note that the angles p and y are constants found at 
the stage of design. These values are previously stored 
in the control circuit 5. 

[0064] The control circuit 5 finds plural inclination an- 
gles by the aforementioned method based on range 
finding results (hereinafter denoted "LLa, LLb, Lc, LRb, 
and LRa") about range finding directions La, Lb, c, Rb, 
and Ra shown in Fig. 13. In particular, one inclination 
angle 61 a is found from the LLa and LLb. One inclination 
angle 61b is found from the LLb and Lc. One inclination 
angle 61 c is found from the Lc and LRb. One inclination 
angle 61 is found from the LRb and LRa. 
[0065] The inclination angle 62 of the screen 1 with 
respect to the direction of the baseline (vertical direction 
of the projector 2) of the line type passive range finder 
4 can be found on a principle similar to the foregoing. 
[0066] In consequence, the inclination angles 61 and 
62 can be found by such calculations performed by the 
control circuit 5. 

[0067] The control circuit 5 produces inclination angle 
information based on the found plural inclination angles 
in the vertical and horizontal directions to the display 
driving portion 7 . The display driving portion 7 adjusts 
the projection optical system 8 including the condensing 
lens based on the horizontal and vertical inclination an- 
gles calculated by the control circuit 5 to thereby correct 
the keystone distortion in the projected image. 
[0068] The inclination angle information based on the 



plural inclination angles can be any one of the foundplu- 
ral inclination angles. For example, when the found an- 
gles are arranged in order of decreasing angle, the in- 
clination angle located in the center of the array may be 

s used. The average value of the plural inclination angles 
may be used. The average value of the inclination an- 
gles left after removing the maximum and minimum an- 
gles may be used. In this way, by finding one inclination 
angle based on plural inclination angles, the effects can 

10 be reduced even if range finding is not done normally at 
least in one direction. 

[0069] In addition, a plurality of directions may be 
classified into two groups, using the front direction as a 
reference. Based on range finding results of the range 
is finding portion about the plural directions in one group, 
the inclination angle of the target to be measured with 
respect to the baseline (line in the direction of the base- 
line) is calculated. Also, based on range finding results 
of the range finding portion about the plural directions 
in the other group, the inclination angle of the target to 
be measured with respect to the reference line (line in 
the direction of the baseline) is calculated. One inclina- 
tion angle may be found based on the two calculated 
inclination angles. In the case of the present embodi- 
ment, one inclination angle may be found from inclina- 
tion angle 61a and/or 61b. The other inclination angle 
may be found from inclination angle 61 c and/or 61 d. One 
inclination angle may be found based on these two 
found inclination angles. The procedure of finding one 
inclination angle from a plurality of inclination angles al- 
most conforms to the aforementioned contents. In this 
case, the overall inclination angle of the target to be 
measured can be found. 

[0070] In the present embodiment, the projection op- 
tical system 8 including the condensing lens is adjusted 
based on the horizontal and vertical inclination angles 
calculated by the control circuit 5 to thereby optically cor- 
rect the keystone distortion in the projected image. Al- 
ternatively, display data about an image with a keystone 
distortion opposite to the projected image may be cre- 
ated based on the horizontal and vertical inclination an- 
gles calculated by the control circuit 5 in the projected 
image creating portion 6. The keystone distortion in the 
projected imagemaybe corrected electrically. 
[0071] In this way, distortion in the image correspond- 
ing to the relative inclination angle between the projector 
and the screen can be accomplished with a simple struc- 
ture making use of line type passive range finders used 
in cameras and so on. 

[0072] When the inclination angles 61 and 62 are 
found, the control circuit 5 stops the operation of the line 
type passive range finders 3 and 4 and ends the angle 
detection operation and the keystone distortion correct- 
ing operation. 

[0073] After once finding the inclination angles 61 and 
62, the control circuit 5 may operate the line passive 
range finders 3 and 4 again when a given time has 
passed to detect the inclination angles 61 and 62 again. 
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A keystone distortion correcting operation may be again 
performed based on the detected inclination angles 61 
and 82. Because of these operations, image distortion 
is corrected intermittently. Therefore, if the circum- 
stance under which the screen or the projector is in- 
stalled varies, distortion correction can be automatically 
performed according to the variation. 
[0074] In the above instance, the inclination angle is 
detected about plural different directions using two line 
type passive range finders, and a keystone distortion is 
corrected based on the result of each detection. Alter- 
natively, the inclination angle may be detected about 
one direction using a single line type passive range find- 
er. A keystone distortion maybe corrected based on the 
detected single inclination angle. 
[0075] Furthermore, in the above instance, inclination 
angles in the vertical and horizontal directions are de- 
tected as plural different directions by two line type pas- 
sive range finders. The plural different directions are not 
limited to the vertical and horizontal directionsbut rath- 
ermaybemodified appropriately. 
[0076] In addition, in the above instance, the target to 
be measured is a screen. The measured target is not 
limited to a screen but rather may be modified appropri- 
ately. 

[0077] Further, in the above instance, line type pas- 
sive range finders are used as the range finding portion. 
The range finding portion is not limited to line type pas- 
sive range finders. Active range finders or a range find- 
ing portion that sends out ultrasonic waves and meas- 
ures a distance based on the time taken until the reflect- 
ed waves are detected may also be used. Appropriate 
modifications are possible. Where line type passive 
range finders are used as a range finding portion, how- 
ever, range finding in plural different directions is possi- 
ble with one line type passive range finder. Consequent- 
ly, the structure of the range finding portion can be min- 
iaturized. 

[0078] It is also noted that the present invention is not 
limited to the above embodiment. Rather, it may be im- 
plemented with appropriate modifications within a scope 
in which the gist is not changed. 

[Advantages of the Invention] 

[0079] According to the present invention, a range 
finding portion for finding the distance to a target to be 
measured in three or more; mutually different plural 
range finding directions and an inclination angle calcu- 
lation portion for calculating two or more inclination an- 
gles of the target to be measured based on three or more 
range finding results of the range finding portion from a 
reference line and finding one inclination angle based 
on the calculated two or more inclination angles are in- 
cluded. Therefore, even where range finding is not done 
normally at least in one direction, the effects can be re- 
duced. 

[0080] Where a line type passive range finder having 



a pair of lenses spaced from each other by a baseline 
length, line sensors on which a pair of images of a target 
to be measured are focused by the pair of lenses, and 
a calculating portion for calculating the distance in mu- 

5 tually different plural directions based on the outputs 
from the line sensors is used as a range finding portion, 
if a reference line is taken in the direction of the baseline 
length, the aforementioned advantages are produced. 
In addition, the distance to the measured target can be 

10 found in three or more mutually different plural range 
finding directions, using one line type passive range 
finder. Consequently, it is not necessary, for example, 
to increase the number of range finders according to an 
increase in the range finding directions as in the prior 

15 art. The angle detecting apparatus can be simplified in 
structure. 



Claims 

20 

1. An angle detecting apparatus characterized by 

comprising: 

a range finding portion for finding the distance 
25 to a target to be measured in each of three or 

more mutually different plural directions of 
range finding; and 

an inclination angle calculating portion for cal- 
culating two or more inclination angles of said 
30 target with respect to a reference line based on 

three or more range finding results of said 
range finding portion and finding one inclination 
angle based on the two or more calculated in- 
clination angles. 

35 

2. The angle detecting apparatus of claim 1 , charac- 
terized in that said inclination angle calculating 
portion finds the average value of said two or more 
inclination angles as said one inclination angle. 

40 

3. The angle detecting apparatus of claim 1 , charac- 
terized in that said plural directions are four or 
more mutually different directions, and that said in- 
clination angle calculating portion finds three or 

45 more inclination angles of said target with respect 
to said reference line based on four or more range 
finding results of said range finding portion and finds 
one inclination angle based on inclination angles 
left after removing maximum and minimum angles 
so from the three or more calculated inclination angles. 

4. The angle detecting apparatus of claim 3, 
characterized in that said inclination angle calcu- 
lating portion finds the average value of said left in- 

55 clination angles as said one inclination angle. 

5. The angle detecting apparatus of claim 1 , charac- 
terized in that said inclination angle calculating 
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portion calculates the inclination angle of said target 
with respect to said reference line based on range 
finding results of said range finding portion for those 
of said plural directions that are on one side of a 
front direction, calculates the inclination angle of s 
said target with respect to said reference line based 
on range finding results of said range finding portion 
about the other directions, and finds one inclination 
angle based on the two calculated inclination an- 
gles. 10 

6. The angle detecting apparatus of any one of claims 
1 to 5, characterized in that said range finding por- 
tion consists of a line type passive range finder hav- 
ing a pair of lenses spaced from each other by a 's 
baseline length, line sensors on which a pair of im- 
ages of the target are focused by the pair of lenses, 
and a calculating portion for calculating the distance 
based on outputs from the line sensors in each of 
plural different directions, and wherein said refer- 20 
ence line is in the direction of said baseline length. 

7. An angle detecting apparatus characterized by 

comprising: 

25 

a line type passive range finder having a pair 
of lenses spaced from each other by a baseline 
length, line sensors on which a pair of images 
of a target to be measured are focused by the 
pair of lenses, and a calculating portion for cal- 30 
culating a distance based on outputs from the 
line sensors in each of three or more mutually 
different plural directions; and 
aninclination angle calculating portion for cal- 
culating two or more inclination angles of said 35 
target with respect to said baseline direction 
based on three or more range finding results of 
said line type passive range finder. 

8. The angle detecting apparatus of any one of claims *o 
1 to 7, characterized in that said target to be meas- 
ured is a screen on which images are projected. 

9. A projector for projecting an image created based 

on an input image signal onto a screen, character- 45 
ized by comprising: the inclination angle detecting 
apparatus set forth in claim 8; and an image distor- 
tion correcting portion for correcting distortion in the 
image on said screen based on an inclination angle 
calculated by said inclination angle detecting appa- so 
ratus. 
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